The upstream effects of reservoirs on stream fish assemblages were highly localized in 3rd-through 5th-order streams in the Great Plains, USA. Streams that differed in connectivity to reservoirs were sampled at their confluences with a river or reservoir and between the confluence and the stream's origin. Sites at confluences had higher total, nonnative, and reservoir species richness than middle sites. Variability in fish assemblage structure upstream of reservoirs was influenced by catchment area, stream size, gradient, and reservoir connectivity. Confluence sites connected to reservoirs were correctly classified based on the presence of red shiners (Cyprinella lutrensis) and bluntnose minnows (Pimephales notatus) and the absence of sand shiners (Notropis stramineus); middle sites on connected streams were classified by the absence of redfin shiners (Lythrurus umbratilis). Intensive sampling across pool habitats within two streams isolated by a reservoir indicated that abundance of common reservoir species was related to pool size, turbidity, and canopy cover, but not proximity to the reservoir. These data suggest that streams connected to reservoirs can maintain diverse native fish communities with minimal invasions by reservoir-dwelling species, but a fraction of the community either has been lost or occurs at low abundance (e.g., sand shiners and redfin shiners).
Introduction
Fragmentation of habitats by humans has negatively affected native biota worldwide (Noss and Csuti 1997) , including species extinctions and alterations of community structure (Wilcox and Murphy 1985; Saunders et al. 1991) . Stream organisms, which are heavily reliant on transport processes (e.g., Vannote et al. 1980) , are particularly affected by breaches in connectivity that alter ecosystem processes (Ward 1983 ) and lead to isolation. In North America, nearly every major river basin contains an impoundment (Benke 1990) . However, most impoundments in North America are relatively young (<30 years old), and there is little information on the long-term consequences of dams on stream fish communities.
Dams negatively affect native fishes in downstream reaches by altering habitat (Berkman and Rabeni 1987) , thermal regimes (Vanicek et al. 1970; Holden and Stalnaker 1975) , and flow regimes (Cushman 1985; Bain et al. 1988 ) and by facilitating introduced species (Marchetti and Moyle 2001; Propst and Gido 2004) . Whereas upstream effects of dams are poorly understood (Pringle 1997) , recent studies have reported changes in fish assemblage structure associated with stream bank destabilization (Penczak 2004) , increased rich-ness of fish macrohabitat generalists (Herbert and Gelwick 2003) , decreased juvenile fish survival (Ponton and Copp 1997) , and decreased native fish diversity (Reyes-Gavilan et al. 1996) in streams above reservoirs.
In the Great Plains, reservoir density is high, and the potential for negative impacts by dams on native fish assemblages through disruption of connectivity is widespread. Many prairie stream fishes are negatively affected by the upstream effects of dams because of their life history attributes (Luttrell et al. 1999; Lienesch et al. 2000) . For example, species with drifting larvae rely on large reaches of free-flowing river habitat and are negatively affected when their larvae or eggs drift into a reservoir and are either consumed by predators or settle to the substrate (Winston et al. 1991) . In addition, bait-bucket or sportfish introductions in reservoirs can spread to connected streams ). Thus, identifying changes in abundance and distribution of native and introduced species in relation to reservoir connectivity is critical for conservation of native fishes in the Great Plains.
We investigated fish assemblage structure in streams that differed in their connectivity with reservoirs. Our objectives were (i) to investigate if fish assemblage structure differed among streams with different connectivity levels to reservoirs and (ii) to quantify factors that influence fish assemblage structure within two tributary streams that were directly connected to a reservoir. We predicted that nonnative and common reservoir species richness would be highest in streams that were directly connected to reservoirs because of migration from the reservoirs and that native species richness would be lowest in these streams because isolation would lead to increased extinction rates. Thus, our second objective is based on the premise that in streams directly flowing into a reservoir, fish assemblages would be highly structured along a gradient of spatial proximity to the reservoir. In addition, nonnative and common reservoir species abundance was predicted to decline in isolated streams as distance from a reservoir increased.
Methods

Study area
Study streams were located within the Flint Hills ecoregion (Omernik 1987 ) located in northeastern Kansas, USA (Fig. 1) . Geology in the region consists mainly of shale and cherty limestone, resulting in shallow, rocky soils. Because of this geology, agriculture (row crop farming and small grain farming) within the region is restricted to floodplain areas, and the remaining land cover within the study catchments was dominated by grasses (x = 66.5%; Table 1 ). Mean proportion of small grain and row crop agriculture was 24.2%, and the combined land under urban, forest, and other uses was <7% for all catchments. When compared with catchments dominated by agriculture, stream water quality in the Flint Hills is relatively pristine (Dodds and Oakes 2004) .
Our reservoir impacted streams drained into either Milford Reservoir (6257 ha) or Tuttle Creek Reservoir (6676 ha; Fig. 1 ). Milford Reservoir impounds the Republican River and was constructed in 1967. Tuttle Creek Reservoir impounds the Big Blue River and was completed in 1959. These reservoirs are both operated by the US Army Corps of Engineers and their primary uses are water storage, flood control, and recreation.
Effects of reservoir connectivity among streams
To test the effects of reservoirs on fish assemblage structure, study streams were selected based on two factors: connectivity with a reservoir and distance from a confluence (Fig. 1) . This resulted in a 3 × 2 classification scheme (two levels of distance from a confluence nested within three levels of connectivity). Directly connected streams had their confluence within the body of a reservoir (i.e., in a cove). Indirectly connected streams had their confluence with the flowing main stem of the impounded river, upstream of a reservoir. Control streams were not connected to a reservoir and had their confluence with the unimpounded Kansas River. Forty-one sites on 20 streams were selected, and geographic information system (GIS) coverage was used to quantify physical attributes of those sites. Streams selected were wadeable (maximum depth typically <1.5 m) and had similar stream size, catchment land use, and catchment surficial geology. Stream order was calculated from a modified version of the National Hydrography Dataset (US Geological Survey 1997), and surficial geology was based on soil measurements obtained from the STATSGO database (Natural Resources Conservation Service 1994). Land cover was characterized for each catchment using the National Land Cover Database (US Geological Survey 1994) by calculating proportions of each land-use category within a catchment (Table 1) . Sites on study streams also were selected based on longitudinal position. Middle sites were approximately midway (4.4-15.8 km, x = 11.0, standard error (SE) = 1.3) between the stream's origin and its confluence with a river or reservoir. Confluence sites were at the confluence of the stream with a reservoir or river. Downstream ends of directly connected confluence sites were located approximately where streamflow subsided. For indirectly connected and control streams, the downstream end of confluence sites was located at the confluence of the stream and river.
Fish assemblage data for 17 of the 41 sites were collected by the Kansas Department of Wildlife and Parks (KDWP) during summers from 1995 to 2003. Of those 17, four were indirectly connected to a reservoir (three middle, one confluence), five were directly connected (three middle, two confluence), and eight were control sites (five middle, three confluence). The other 24 sites were visited between July and September 2003 and were paired middle and confluence sites. At each site, a reach 40 times the mean stream width (minimum 150 m, maximum 300 m) was sampled. This allowed for equal effort per unit of area (Lazorchak et al. 1998) . Sites were blocked with nets (4.7 mm mesh) at the upstream and downstream ends, and fishes were collected using a pulsed-DC backpack electrofishing unit and seines (4.7 mm mesh). One upstream electrofishing pass was made, and one downstream pass was made seining suitable habitats. Fishes >200 mm total length (TL) were identified in the field and released. Fishes ≤200 mm TL were preserved in 10% formalin, returned to the laboratory, and transferred to 70% isopropyl alcohol for sorting and identification.
Data analysis focused on both qualitative (presence or absence) and quantitative (abundance) changes in fish community structure, with a specific evaluation of changes in the (Omernik 1987 abundance of facultative reservoir and nonnative species. We identified facultative reservoir species in our collections as those that typically occur, or are stocked, in reservoirs and may only require streams for a portion of their life history. These species were identified by a combination of field collections (J. Falke, unpublished data) and a review of species accounts from reservoirs in this region (Eberle et al. 2000; Gido et al. 2002a ; Table 2 ). Nonnatives were classified based on distribution information given in Cross (1967) and Cross and Collins (1995) (Table 2) .
Multivariate analysis of variance (MANOVA) was used to test for effects of reservoir connectivity (directly connected, indirectly connected, and control) and longitudinal position (middle or confluence) on total species richness, native species richness, nonnative species richness, and reservoir species richness. If the overall MANOVA was significant (α = 0.05), then relationships within the four richness categories were then tested using two-way analysis of variance (ANOVA). Because of multiple comparisons among the four richness categories, differences were considered significant at a Bonferroni-adjusted α level (α = 0.05/4 = 0.0125).
Although we attempted to match streams based on habitat and land use of stream segments, we used redundancy analysis (RDA) to evaluate the relationship between catchmentscale environmental variables (see Table 3 for list of variables) and spatial variation in fish assemblage structure. RDA is a canonical form of principal components analysis (PCA) that selects a linear combination of environmental variables to maximize the dispersion of species scores (ter Braak 1995). This analysis produces a diagram with vector arrows that represent the relative importance of environmental factors in describing variation in the fish assemblage. Monte Carlo simulations (500 iterations) were used to test whether eigenvalues from the RDA were significantly (P ≤ 0.05) greater than those generated from a randomized matrix. Our analysis was first conducted using the entire data set. We expected that differences would be apparent between confluence and middle sites because of longitudinal variation in stream size and associated physical and chemical properties within a given stream. Subsequently, we conducted RDA on confluence and middle sites separately to evaluate if reservoir connectivity explained a large proportion of the variation in assemblage structure. To isolate the amount of variation explained by connectivity to the reservoir, we used a partial RDA (ter Braak 1995) in which physical habitat variables served as covariates and the ordination was only constrained by connectivity. A Monte-Carlo procedure (500 iterations) was performed to test if the RDA axes were significantly different from random. We used RDA instead of other multivariate ordination techniques (e.g., canonical correspondence analysis) because of the short gradient lengths of our measured environmental variables (ter Braak and Šmilauer 2002) .
Discriminant function analysis (DFA) was used to complement the RDA by specifically identifying species that could be used to classify streams into reservoir connectivity groups. This analysis can potentially detect more subtle differences in assemblage structure among stream types than Note: Water includes streams and impoundments. Urban includes high-and low-intensity residential and commercial transportation. Forest includes deciduous, evergreen, and mixed forests. Grasslands includes grasslands and pasture. Agriculture includes row crops and small grains. Wetlands includes woody and emergent/herbaceous wetlands. Means and standard error of the means (SE) are provided for each category. Table 1 . Study streams, connectivity category (DC, directly connected; IC, indirectly connected; CT, control), catchment area (km 2 ), Strahler order, and proportion of within-catchment land uses estimated using a geographic information system. RDA. DFA uses linear combinations of predictor variables to maximize the separation between groups (i.e., reservoir connectivity). DFA is an appropriate method for ecological classification of samples based on a suite of predictor variables (Legendre and Legendre 1998) . Independent variables (i.e., species) that were unrelated to connectivity type or that were redundant with other variables were removed from the analysis with a stepwise procedure. For these analyses, variables with partial correlation coefficients with probability of F values < 0.05 were entered and those with F > 0.10 were removed. Within-group covariance matrices were used, and prior probabilities were computed from group sizes. All models were generated using SPSS ® (version 11.0, SPSS Inc. 2001). Individual connectivity models were evaluated using a leave-one-out procedure, in which one site was excluded, a model was constructed using n -1 sites, and the excluded site was predicted using this model.
Effects of reservoir connectivity within streams
Because our results indicated a localized effect of reservoirs on stream fish assemblages (see Results), we intensively sampled two streams that were directly connected to Tuttle Creek Reservoir during the summer 2004. Both streams, Baldwin Creek and Mill Creek, drain directly into Tuttle Creek Reservoir from the west (Fig. 1) . We sampled fish assemblages and physical habitat in pools located at and between the confluence and middle sites sampled the previous year. Twelve pools were sampled on Baldwin Creek and 10 pools on Mill Creek (Fig. 1 ). Pools were blocked off with nets to prevent escape of fishes from the pool. One pass was made through each pool electrofishing suitable habitats (woody debris, boulders, rock piles, etc.) using a pulsed-DC backpack electrofishing unit. Then, each pool was seined until no additional species were captured (3-10 passes). Fishes >200 mm TL were identified in the field and released, and fishes ≤200 mm TL were preserved in 10% formalin and returned to the laboratory for sorting and identification.
We also measured physical habitat for each pool. Before fish collection, conductivity (µS·L -1 ) and temperature (°C) were measured using a YSI meter (model 30; YSI Incorporated, Yellow Springs, Ohio), and three water samples (500-1000 mL) were filtered (1 µm pore size) on site for total dissolved solids, organic matter, and inorganic matter. Following fish collection, we noted the presence or absence of small and large woody debris and emergent, submergent, and floating aquatic macrophytes. Canopy cover was quantified using a densiometer at three positions in the pool: upstream, middle, and downstream. Pool length (m) was measured along the thalweg of the pool, from the upstream block net to the downstream block net. Based on pool length, the width of five equally spaced transects perpendicular to streamflow were measured. Along each transect, depth and dominant substrate were recorded at five equally spaced points. Substrate was classified according to a modified Wentworth scale (Cummins 1962) as fines (<2 mm), gravel (2-15 mm), pebble (16-63 mm), cobble (64-256 mm), boulder (256-1024 mm), and bedrock (>1024 mm). Before evaluating changes in fish assemblage structure in pools with increasing distance from a reservoir, we first quantified differences in physical habitat and assemblage structure between Mill and Baldwin creeks. Between-stream variability in physical habitat was evaluated with a discriminant function analysis with physical habitat measurements as independent variables. As above, classification success was evaluated using the leave-one-out cross-validation technique. We also were interested in testing whether physical habitat of pools varied as distance from a reservoir increased. For each stream, we summarized the physical habitat of pools with PCA and then used correlation analysis to quantify the association between reservoir distance and PCA axes scores. For this PCA, we focused scaling on intervariable correlations, and variable scores were divided by their standard deviation for standardization. To remove effects of unit sizes within the physical habitat variables, we centered and standardized the variables before analyses.
To test for changes in assemblage structure with increasing distance from a reservoir, we chose two measures of similarity to compare assemblages in each pool with the fish assemblage structure in the pool closest to the reservoir. Jaccard's index of similarity (Jaccard 1908 ) was used to test for similarity in species presence or absence, and percent similarity index (PSI; Renkonen 1938) was used to test similarities in species relative abundances. PSI and Jaccard's similarity values were obtained using NTSYSpc software (version 2.10; Rohlf 2000) .
Variation explained by proximity to the reservoir was quantified by partial RDA (ter Braak 1995) in which physical habitat variables served as covariates and the ordination was only constrained by reservoir distance (see above for partial RDA explanation). Finally, we used multiple regression to investigate the influence of physical habitat features on the abundance of reservoir species. The pooled abundance of reservoir species captured by backpack electrofishing and seining was used as the dependent variable for this analysis. Physical habitat variables and reservoir distance served as independent variables. We used stepwise forward selection (P ≤ 0.05) to include significant variables in the model. SPSS software (version 11.0; SPSS Inc. 2001) was used for the multiple regression analysis.
Results
Effects of reservoir connectivity among streams
A total of 37 104 individuals representing 49 species was collected at the 41 sites. Minnows numerically dominated the collections; red shiners (Cyprinella lutrensis) were most abundant (22.51% of total individuals collected), followed by central stoneroller (Campostoma anomalum; 21.99%), and bluntnose minnow (Pimephales notatus; 6.61%) ( Table 2) . Green sunfish (Cyprinella lutrensis) were collected at the largest number of sites (38 sites), followed by central stoneroller (37 sites), orangethroat darter (Etheostoma spectabile; 37 sites), red shiner (37 sites), and bluntnose minnow (35 sites).
To evaluate the importance of temporal variation in our analysis, we ran our analysis with only the 2003 data (24 sites) and with the entire data set (41 sites). Because they yielded similar results, we only present results from the entire data set.
Results of the MANOVA suggested that the four richness categories did not significantly differ among stream connectivity types (P ≥ 0.34), but they were significantly different between confluence sites and middle sites (P ≤ 0.021). Bonferroni-corrected two-way ANOVAs showed higher total, nonnative, and reservoir richness at confluence sites than at middle sites (corrected P values ≤ 0.001) but no difference in native richness between confluence sites and middle sites (corrected P = 0.084). On average, there were six more species (30%) at confluence sites than at middle sites (Fig. 2) , and this difference was most pronounced in directly connected streams. This was primarily due to the occurrence of reservoir species at confluence sites, which had 78%, or seven more reservoir species, on average, than middle sites. Nonnative species richness was also approximately 50% higher (two species) at confluence sites than at middle sites. Although not significant, directly connected streams had the highest mean nonnative and reservoir species richness among the connectivity categories, and total richness differences between confluence and middle sites were most pronounced in these streams, as predicted because of their isolation by the reservoir.
Redundancy analysis characterized the association between fish assemblage structure and habitat across the 41 sample sites (Fig. 3) . Cumulatively, axis I and II explained 68.2% of the constrained variability in the fish assemblage across sites. Stream size, watershed area, and gradient were important explanatory variables in the RDA. Species typical of small, headwater streams (i.e., creek chub (Semotilus atromaculatus), southern redbelly dace (Phoxinus erythrogaster), and white sucker (Catostomus commersoni)) had low axis I scores and were found in sites with high gradients and small watershed areas. Reservoir species (i.e., gizzard shad (Dorosoma cepedianum), white bass (Morone chrysops), and saugeye (Sander vitreus × Sander canadense)) had high axis I scores and were typical of low-gradient, confluence sites. These differences in fish assemblage structure also resulted in a clear separation between middle and confluence site scores.
Axis I and II of the RDA used to characterize fish assemblage and habitat associations among the 18 confluence sites explained 67.0% of the constrained variability in the fish assemblage across sites (Fig. 4) . Stream gradient, stream size, watershed area, and the proportion of agricultural land use within the catchment were important explanatory variables. Species characteristic of directly connected confluence sites included emerald shiner (Notropis atherinoides), river carpsucker (Carpiodes carpio), and golden shiner (Notemigonus crysoleucas) (all classified as reservoir species) and had low axis I species scores. Axis I also represented a gradient of stream size, with sites on smaller streams having high axis I site scores and sites on larger streams having low axis I scores (Fig. 4) . In general, control sites had high axis II scores, whereas directly connected and indirectly connected sites had low to intermediate axis II scores. Axis II represented a gradient of watershed area (high axis II scores) and the proportion of agriculture within a watershed (low axis II scores). Connectivity in confluence sites was an important predictor of fish assemblage structure, as evidenced by a significant axis I (F = 3.764, P = 0.001) relationship between assemblage structure and connectivity when environmental variables were entered as covariables; however, the relationship with connectivity was not an important predictor in axis II (F = 0.585, P = 0.384).
Axes I and II of the RDA used to characterize fish assemblage and habitat associations among the 23 middle sites explained 64.2% of the constrained variability in the fish assemblage across sites (Fig. 5) . Stream size, watershed area, and gradient were important explanatory variables. Species typical of headwater assemblages (i.e., central stoneroller, southern redbelly dace, orangethroat darter, and creek chub) had lower axis I scores, whereas relatively larger stream sites, characterized by species such as red shiner, redfin shiner (Lythrurus umbratilis), and sand shiner (Notropis stramineus), had higher axis I scores. Axis II represented a gradient between sites in watersheds with a high proportion of agriculture (low axis II scores) and sites with high gradients (high axis II scores). Site scores did not cluster according to reservoir connectivity in ordination space (Fig. 5) , indicating weak effects of reservoir connectivity at middle sites. This was confirmed by nonsignificant relationships on RDA axes I and II between assemblage structure and connectivity when environmental variables were included as covariables (P ≥ 0.168).
For confluence sites, 77.8% of sample sites were correctly classified according to reservoir connectivity using DFA. Directly connected and control sites were classified 100% correctly, but indirectly connected sites were only classified correctly for one of five sites (20%). Indirectly connected Table 2 ; environmental variables are defined in Table 3. sites were evenly misclassified as directly connected or control sites 40% of the time. Three species were entered into the analysis from the stepwise procedure: sand shiner, red shiner, and bluntnose minnow. Discriminant function 1 separated the connectivity categories based on high abundances of red shiner at indirectly connected sites, sand shiner at control sites, and bluntnose minnow at directly connected sites. Group means in discriminant functions 1 and 2 were significantly different from one another (Wilks' lamda = 0.11, P < 0.001).
In contrast to results of the RDA, middle sites were 87.0% correctly assigned to connectivity categories using the DFA cross-validation approach, suggesting subtle differences in assemblage structure among the stream categories. In this case, indirectly connected sites were classified correctly 100% of the time, whereas directly connected and control sites were grouped correctly 75.0% and 88.9% of the time, respectively. Species entered into the model for middle sites were redfin shiner, yellow bullhead (Ameiurus natalis), and central stoneroller. Discriminant function 1 separated the reservoir connectivity groups based on high abundances of redfin shiner at control sites, yellow bullhead at indirectly connected sites, and central stoneroller at directly connected sites. Group means of discriminant functions 1 and 2 were significantly different from one another (Wilks' lamda = 0.13, P < 0.001).
Effects of reservoir connectivity within streams
A total of 8369 individuals representing 26 species were captured in the 22 pools in Baldwin and Mill creeks, and species richness ranged from 6 to 18 across pools. Minnows numerically dominated the collections, as southern redbelly dace (relative abundance 27.1%), central stoneroller (25.2%), and common shiner (18.8%) were the most common species collected.
Discriminant function analysis revealed differences in physical habitat parameters between the two streams. Sam- Fig. 4 . Association of fish species environmental variables and connectivity type (DC, directly connected; IC, indirectly connected) (b) at confluence sites from a redundancy analysis (RDA). Site scores are plotted in (a): ᭛, directly connected sites; , indirectly connected sites; ᭹, control sites. Site and species vector arrows were deleted for clarity. Crosses (+) indicate binary variables used to detect treatment effects. Species codes are defined in Table 2 ; environmental variables are defined in Table 3. Fig. 5 . Association of fish species environmental variables and connectivity type (DC, directly connected; IC, indirectly connected) (b) at sites located halfway up the perennially wetted length of a stream from a redundancy analysis (RDA). Site scores are plotted in (a): ᭛, directly connected sites; , indirectly connected sites; ᭹, control sites. Site and species vector arrows were deleted for clarity. Crosses (+) indicate binary variables used to detect treatment effects. Species codes are defined in Table 2 ; environmental variables are defined in Table 3. ple sites from the two streams were correctly classified based on physical habitat 91% of the time (Wilks' lamda = 0.321, P < 0.001). Compared with Mill Creek, Baldwin Creek was a smaller stream, containing smaller, shallower pools, with a higher proportion of canopy cover. Based on these results, we analyzed each stream separately.
PCA I of physical habitat was significantly correlated with distance from the reservoir for both Baldwin Creek (r = 0.72, P = 0.009) and Mill Creek (r = 0.66, P = 0.04). Regardless, fish assemblage structure did not vary across sites with increasing reservoir distance based on a consensus of several analyses. Mean Jaccard's index of similarity based on presence or absence of fish species between the site nearest the confluence and all other sites was 0.50 (SE = 0.04) for Baldwin Creek and showed no pattern with reservoir distance (Fig. 6) . Similarly, mean Jaccard's index of similarity for Mill Creek was 0.61 (SE = 0.04) and did not show a pattern with reservoir distance (Fig. 6) . When we considered patterns in species abundances based on percent similarity, there also was no correlation with reservoir distance. Mean PSI values (± SE) across sites were 0.50 ± 0.04 for Baldwin Creek (Fig. 6 ) and 0.64 ± 0.06 for Mill Creek (Fig. 6 ). Further, when we partitioned variation in the data set into that explained by physical habitat versus reservoir distance using RDA for each stream, we found that axes I and II of the partial RDA using physical habitat variables as covariates were not significantly different from random for both streams (Ps > 0.12). This suggests that variability in fish assemblage structure in these streams was better explained by physical habitat parameters than by reservoir proximity.
In contrast to the above patterns of assemblage structure, when evaluating reservoir species abundance (total number of individual reservoir species collected in each pool) in Baldwin Creek, there was a rapid decline to zero as reservoir distance increased. However, in Mill Creek, reservoir species were present, but in low abundance, in pools throughout the stream (Fig. 7) . Using stepwise procedure to select variables in a multiple regression model using both streams, we found that organic matter, pool volume, percent canopy cover, and maximum depth explained 79% of the variation in reservoir species abundance in pools within our study area (P < 0.001; Table 4 ).
Discussion
Our data suggest that the influence of reservoir connectivity on stream fish assemblage structure was highly localized. We found that total, nonnative, and reservoir species richness were all higher at reservoir confluences than at sites farther upstream. Although this pattern may partly be explained by within-stream longitudinal processes, many of the species that make up the difference in richness between confluence and middle sites migrate to confluence sites from the reservoir. In streams directly flowing into reservoirs, there also was a trend for a greater difference in the total species richness between confluence and middle sites than in other stream types. This follows our prediction that isolation would result in species extirpations in these streams and that reservoir confluences would have greater numbers of nonnative and reservoir species. Was the paucity of species at upstream sites in these isolated streams due to reservoir effects? At least two species have been extirpated from streams directly connected to our study reservoirs, Topeka shiner (Notropis topeka) and carmine shiner (Notropis percobromus) (Minckley and Cross 1959; Cross and Collins 1995) . Loss of refugia from stochastic abiotic conditions combined with downstream habitat changes from reservoir construction is cited as the primary cause of decline in these species (Cross 1967; Cross and Collins 1995) . These altered conditions in directly connected streams could explain the lower richness observed in the middle sites.
The observed differences in assemblage structure between confluence and middle sites were not unexpected, as longitudinal processes can influence assemblage structure in lotic systems (Horwitz 1978; Schlosser 1987) . However, assemblages at sites near confluences also are influenced by an "edge" effect, in addition to longitudinal processes. This was illustrated by the co-occurrence of large river or reservoir and small stream species at these sites. Thus, assemblage structure at confluences is likely influenced by a combination of upstream longitudinal processes and emigration from downstream reservoirs. Ordination of fish assemblages at confluence sites revealed differences in structure among connectivity types. Separation in sites based on assemblage structure was apparent among control streams and the other two connectivity types. Whereas piscivorous reservoir species (e.g., largemouth bass (Micropterus salmoides), white bass, and white crappie (Pomoxis annularis)) were closely associated with directly and indirectly connected streams, confluence sites in control streams were associated with native species (e.g., sand shiner, redfin shiner, and black bullhead (Ameiurus melas)). One confounding factor was the disproportionate coverage of agriculture in the catchments of indirectly connected streams, which could have influenced assemblage structure independent of reservoir connectivity. Classification of sites into connectivity groups was partially successful, further indicating differences in fish assemblage structure among connectivity types. Indirectly connected confluence streams were evenly misclassified between directly connected and indirectly connected groups, indicating a possible gradient of connectivity effects between the three categories. The abundance of sand shiners was a strong predictor of connectivity type at confluence sites; directly and indirectly connected streams had very low abundances of this typically common species as compared with control streams. Low abundance of sand shiners in these reservoir-influenced sites may be a cause for concern, as other minnows with similar life history traits (e.g., western silvery minnow (Hybognathus argyritis), plains minnow (H. placitus), and peppered chub (Macrohybopsis tetranema)) have drastically declined in incidence and abundance upstream of reservoirs in these systems (Cross and Collins 1995; Gido et al. 2002b) .
Assemblage structure at middle sites was weakly linked to connectivity, although directly and indirectly connected sites generally had higher abundances of bluegill (Lepomis macrochirus), largemouth bass, and white crappie than control sites. The presence of these species, however, could be influenced by numerous small impoundments in directly and indirectly connected watersheds. Overall, most variation in fish assemblage structure in middle sites was not related to connectivity with a reservoir. Rather, assemblage structure at middle sites was primarily driven by catchment area, stream size, and gradient. Nevertheless, DFA accurately predicted if a site was a control stream based on high redfin shiner abundance, suggesting a potentially subtle effect of reservoir connectivity on assemblage structure. Although currently not a species of concern, redfin shiner commonly occurs with other species that have been cited as being imperiled in Kansas, including Topeka shiner and common shiner (Luxilus cornutus) (Haslouer et al. 2005) . Low incidence of redfin shiner at upstream sites in directly and indirectly connected streams may stem from influences of downstream reservoirs or habitat degradation resulting from agricultural practices within the watershed.
Within-stream patterns in fish assemblage structure were also weakly linked to proximity to the reservoir. Abundance of reservoir species in pools along Mill Creek did not vary with distance from the reservoir, whereas the abundance of these species declined in pools furthest from the reservoir in Baldwin Creek. Mill Creek is a larger stream than Baldwin Creek (4th vs. 3rd order), with deeper pools and more complex habitat, thus the observed pattern may be related to more available suitable habitat for reservoir species in Mill Creek. However, patterns in assemblage structure in Baldwin Creek are influenced by recent hydrologic events. Spe- Winston et al. 1991) . High abundances of more typical "headwater" species (e.g., southern redbelly dace and central stoneroller) in pools near the confluence and relatively low species richness and (or) abundance in upstream pools may reflect a failure of the headwater species to recolonize upstream. Downstream compensatory movement of fishes into pools near the reservoir places them at higher risk of predation because of the presence of piscivorous reservoir species. Thus, reservoirs may act as barriers simply because of the presence of predators. Predation barriers are known to occur among tributary streams connected to main-stem rivers that are occupied by predators (e.g., Fraser et al. 1995) . Nevertheless, it was interesting to note that there was a general increase in species richness at stream-reservoir interfaces because of the co-occurrence of native stream fishes and predators. Quantification of competitive and predator-prey interactions among reservoir and native species at the stream-reservoir interface is needed to determine the consequences of connectivity to these habitats.
The exact mechanism limiting reservoir species occurrences in upstream reaches was unclear. In Baldwin and Mill creeks, we found that reservoir species abundance was associated with large, deep pools with relatively high turbidity and a low proportion of canopy cover. These conditions were typical of pools near reservoirs, where large pools result from longitudinal catchment geomorphological processes, and canopy cover has been reduced by numerous inundations by the reservoir in high-water years. Higher turbidity (as indicated by relatively high amount of organic matter within these pools) may result from a combination of upstream inputs and silt deposition from prior inundation during the spring. Lack of the above-mentioned conditions, as well as the more stochastic nature of environmental conditions upstream, may prevent reservoir species from colonizing upstream pools in this study area. Thus, the lack of reservoir species at upstream sites may be primarily attributed to habitat limitations, as appeared to be the case in Mill Creek where reservoirs species occurred throughout the 10 study pools between the middle site and confluence site. Alternatively, there may be physical barriers that limit the spread of reservoir species upstream. In many Flint Hills streams, there are small cascading waterfalls (up to 1 m) and road culverts that may limit the movement of fishes upstream. Clearly, as a fish travels further from a reservoir, the likelihood of encountering a barrier increases.
In conclusion, overall assemblage structure observed among streams in the Flint Hills region showed a very localized effect (1-10 km) of reservoirs on stream fish assemblages. We found higher abundances of nonnative and reservoir species in close proximity to reservoirs; however, their abundance quickly declined as distance from a reservoir increased, with the exception of Mill Creek. These observations at moderate and small spatial scales agree with previous patterns observed at large spatial scales in streams upstream of Kansas reservoirs .
Understanding the influences of stream connectivity to reservoirs has several implications for conservation of native fishes in the Great Plains. First, streams isolated by reservoirs may not be suitable targets for conservation (e.g., land acquisition or restocking) if downstream compensatory movement of fishes, when upstream conditions become unsuitable, places them at higher risk of competition or predation. This is particularly apparent given our finding that downstream pools had higher abundances of nonnative and reservoir species. Second, although indirectly connected streams would seem to be better choices for conservation, streams in this region also are more heavily impacted by agriculture than streams of other connectivity types. With this in mind, careful selection of catchments using landscapescale analysis (e.g., Gido et al. 2006 ) could target indirectly connected streams with relatively low proportions of agriculture in their catchments.
Choosing streams for conservation efforts is critically needed in the Great Plains, as there are a large number of imperiled fishes (Cross and Moss 1987; Fausch and Bestgen 1997; Haslouer et al. 2005 ) and the majority of streams within Kansas are impacted by human activities. Although our data suggest a localized effect of reservoirs on stream fish assemblages, it is important to note that our control streams were not free of human alteration (e.g., changes in water chemistry) and generally did not represent pristine fish assemblages. Thus, if considerable homogenization of the regional fish fauna has occurred (Rahel 2000; Falke and Gido 2006) , our evaluation of the effects of connectivity are likely weakened by our lack of true "control" streams. Conservation of streams not influenced by reservoirs may be critical, as these streams were occupied by several species (e.g., sand shiner and redfin shiner) that were absent or rare in streams connected to reservoirs. However, because reservoirs are a dominant feature of the landscape, it is also important to recognize that many other native species can persist in streams connected to reservoirs, and these habitats should not be overlooked for conservation actions.
